Three different mean diameters were employed, 20 p, 30 p, and 40 p. Small samples were taken for estimation of size distribution from individual batches, and at least 100 spheres were measured from each size group. Table  1 gives data for the three sizes used.
Initial radioactivity was 2.5-5.5 me/g. Spheres ( lOO-400 mg) were suspended in 10 ml of low molecular weight dextran. The estimated numbers of spheres injected ranged from 50,000 to 500,000 in the 20-p experiments. An important property of the plastic microspheres is their solubility in boiling nitric acid. This permits accurate estimation of activity in entire organs and in large tissue samples.
All studies were done using mongrel dogs fasted for 18-24 hr. Anesthesia, when used, consisted of intravenous pentobarbital in a dose of approximately 30 mg/kg body wt. Anesthetized dogs had endotracheal tubes, but mechanical respiratory assistance was not employed.
Injections were made from disposable 2.5-ml plastic syringes via no. 20 needles. The rubber-stoppered bottle containing the spheres suspended in low molecular weight dextran was shaken and 0.5-1.0 ml of the suspension withdrawn.
Injections were made rapidly against the flowing blood stream to promote turbulence and thereby improve mixing.
Sphere injections into the superior mesenteric artery of anesthetized animals were made by needle puncture of the surgically exposed vessel with the dog lying in the right lateral position. Waking animals were prepared 3-4 days in advance by threading a PE-90 tube through a peripheral mesenteric artery branch retrograde into the main mesenteric artery (see Fig. 1 ). The catheter was filled with heparin, occluded, and the tip kept in the subcutaneous position for later injection. The incision was closed and the animal allowed to recover. These latter injections were done with the dogs awake. Drugs were administered intravenously with a constant-rate infusion pump according to the following protocol : I) histamine, 1 pg/kg per min for 10 min; 2) epinephrine, 1 lug/kg per min for 10 min; and 3) vasopressin, 0.01 CU/kg per min for 10 min. At the end of 10 min, with the infusion still running, the radioactive microspheres were injected. The suitability of the liver as a sieve for spheres arriving via the portal vein was determined by direct needle injection of spheres into the vessel, sacrifice of the animal, and analysis of the liver and lungs for radioactivity, the assumption being that spheres bypassing the liver would lodge in the pulmonary microcircula tion. A few studies were done in which the spheres were injected into the surgically exposed femoral artery and the entire hindlimb and lungs digested and analyzed for radioactivity. Spheres reaching the systemic venous circulation lodged in the lungs.
Shortly after sphere injection the dog was sacrificed by an intravenous overdose of sodium pentobarbital. The tip of the catheter was checked for position. The splanchnit viscera were then removed, along with the liver. The organs were separated and trimmed free of fat, mesentery, and omentum.
Organs evaluated for isotope content were: stomach, small intestine, colon, pancreas, spleen, and omentum plus mesentery.
When it was established that essentially no radioactivity reached the stomach or spleen, these organs were subsequently discarded.
Each tissue sample was weighed and digested in boiling nitric acid. Aliquots (5 ml) of each digest were pipetted into test tubes, weighed, and counted for 5-10 min in a well-type crystal scintillation detector. The radioactivity in each sample was calculated as follows:
counts/min X total weight of digest weight of counted = total counts in tissue digested
The total radioactivity injected into the SMA was determined simply by summing the activities of the various tissues. Hepatic radioactivity was then expressed as a fraction of the total, a term which indicated what percent of the spheres had bypassed the splanchnic capillary bed and reached the portal vein. The activity recovered in each organ was also expressed as a fraction of the total in order to give a measurement of distribution of the microspheres among the various organs supplied by the superior mesenteric artery. After it became clear that organ distribution was reasonably constant, experiments were done simply digesting all the splanchnic viscera as a single specimen, the liver as a second, and calculating only what fraction of spheres had reached the liver.
RESULTS
Portal vein injections (the liver). Table 2 lists the data for experiments in which spheres were injected into the portal vein. The results indicate that a tiny fraction, less than 0.1 %, of the microspheres in the size ranges used here passed from the portal vein through the liver and thence into the lungs. The conclusion is that essentially all of the portal vein-hepatic vein conduits in the normal These data are provided in Table 4 . The intestine proper retained a mean of 76.4 % of the injected spheres. This proportion of the total superior mesenteric artery blood flow therefore perfused the small intestine.
The mean value for the mesentery plus omentum was 12.0 %. The proportion of the mesenteric artery flow perfusing the colon showed considerable variability.
The average for all animals in which this value was obtained was 8.6 %. The pancreas, which has a dual blood supply from both the celiac and superior mesenteric arteries, retained a variable small share of the injected microspheres, a mean of 1.3 %. The stomach and spleen each received less than 0. Table 5 gives the fraction of radioactivity recovered in the liver following superior mesenteric artery injection of 40-p spheres. The data suggest that a greater percent of the spheres bypassed the capillary bed when injected via an inlying arterial catheter in an awake dog than when injected at laparotomy in an anesthetized animal. In no instance, however, did more than 0.35 % of the radioactivity reach the liver. None of the drugs tested (epinephrine, norepinephrine, pitressin) caused appreciable differences from the control values. The conclusion is that arteriovenous communications larger than 40 p exist in extremely small numbers in the mesenteric viscera of the normal dog. hepatic recovery of radioactivity, the conclusion again can be stated that an extremely small portion, an average of less than 1 %, of blood flow in the superior mesenteric artery distribution passes through arteriovenous pathways which exceed 30 p in diameter. Spanner's work on the grounds that the injection pressures may have been too high ( they were not reported) and that in vivo observations of the surface of a three-dimensional microcircula tory system are easily misinterpreted.
Lindseth concluded that Spanner probably overestimated the frequency of intestinal AVAs. Our data would support this latter conclusion.
Jacobsen and Noer (6) injected both India ink and latex at near physiologic pressures and studied the vessels by serial section and by transillumination of the tissue. These workers found no arteriovenous anatomoses in the intestine of the dog or the opossum.
This study had as one of its aims to determine the effects of certain vasoactive agents on arteriovenous anastomoses in the gut. The finding that relatively few A-V channels exceeding 20 J.J in diameter were present in the canine intestine makes it rather tenuous to speculate about minor differences from control values observed during administration of drugs. From the data obtained in these experiments, no firm conclusions regarding humoral effects can be stated.
The most authoritative study of AVAs in the canine intestine was reported by Lindseth (8) and Grim and Lindseth (5). These investigators injected a known quantity of radioactive glass microspheres into a small artery supplying an isolated in situ loop of canine intestine. They collected the venous drainage and determined the fraction of spheres passing through arteriovenous channels of various sizes. No. 44-p spheres could be recovered in the venous outflow. Of the 20-p spheres, approximately 3 % appeared in the effluent, that is, 3 % of the total blood flow went through A-V channels larger than 20 p. The authors defined this as arteriovenous anastomotic blood flow. The close agreement with the present work lends credibility to both studies. A significant fraction, 14-l 7 %, of 12-p spheres was recovered in the venous blood. This was interpreted as representing arteriovenous bridge or thoroughfare channel flow. 
